The complete nucleotide sequence of the RNA genome of papaya ringspot virus (PRSV) was determined from four overlapping cDNA clones and by direct sequencing of viral RNA. The genomic RNA is 10326 nucleotides in length, excluding the poly(A) tract, and contains one large open reading frame that starts at nucleotide positions 86 to 88 and ends at positions 10118 to 10120, encoding a polyprotein of 3344 amino acids. The highly conserved sequence AAAUAAAANANCUCAACACAACAUA at the 5' end of the RNA of PRSV and those of the other five reported potyviruses shows 80% similarity, suggesting that this region may play a common important role for potyvirus replication. Two cleavage sites of the polyprotein were determined by amino acid sequencing of the N termini of helper component (HC-Pro, amorphous inclusion) and cylindrical inclusion (CI) proteins. Other cleavage sites were predicted by analogy with the other potyviruses. The genetic organization of PRSV is similar to that of the other potyviruses except that the first protein processed from the N terminus of the polyprotein (NT protein) has an Mr of 63K, 18K to 34K larger than those of the other potyviruses. The cleavage site for liberating the N terminus of the HCPro protein was found at the same location downstream from the consensus sequence FI(V)VRG as that reported for tobacco vein mottling virus. The NT protein of potyviruses is the most variable and may be considered important for identification of individual potyviruses. The most conserved protein ofpotyviruses appears to be the Nlb protein, the putative polymerase for the replication of the potyviral RNA. The genetic organization of PRSV RNA is tentatively proposed to be VPg-5' leader-63K NT-52K HC-Pro-46K-72K CI-6K-48K NIa-59K NIb-35K coat protein-3' noncoding region-poly(A) tract.
Introduction
Papaya ringspot virus (PRSV), a member of the plant potyvirus group, has flexuous, filamentous particles of 780 x 12 nm and contains a positive-sense ssRNA of about 40S (De La Rosa & Lastra, 1983; Purcifull et al., 1984; Yeh & Gonsalves, 1985) . The virus has a single type of coat protein (CP) of Mr 36K (Purcifull & Hiebert, 1979; Gonsalves & Ishii, 1980) and induces cylindrical (pinwheel) inclusions (CIs) (Purcifull & Edwardson, 1967) and amorphous inclusions (AIs) (Martelli & Russo, 1976) in the cytoplasm of host cells. The former consists of a protein of 70K [CI protein (CIP); Yeh & Gonsalves, 1984b] and the latter consists of a protein of 51K [AI protein (ALP); De Mejia et al., 1985a] . AIP, CIP and CP account for approximately half of the maximum coding capacity of the virus genome in one reading frame (Yeh & Gonsalves, 1985) .
Translation of PRSV RNA in reticulocyte lysate has revealed that the genome of the virus contains only one open reading frame (ORF), which encodes a polyprotein of about 330K (Yeh & Gonsalves, 1985) . Immunoprecipitation and dynamic precursor-product analyses have indicated that the polyprotein is processed into CP, CIP, AlP and other products (Yeh & Gonsalves, 1985) . This gene expression strategy of proteolytic processing for potyviruses has been confirmed by the elucidation of the complete nucleotide sequences of tobacco etch virus (TEV) (Allison et al., 1986) , tobacco vein mottling virus (TVMV) (Domier et al., 1986) , plum pox virus (PPV) (Maiss et al., 1989) , potato virus Y (PVY) (Robaglia et al., 1989) and pea seed-borne mosaic virus (PSbMV) (Johansen et al., 1991) .
Extensive studies on the proteolytic processing of the TEV polyprotein have been conducted. Three virusencoded proteinases are responsible for at least seven cleavages: the 35K protein from the N terminus of the polyprotein (NT protein) autocatalytically liberates its own C terminus (Verchot et al., 1991) , the helper component-proteinase (HC-Pro) protein also autocatalytically cleaves its C terminus (Carrington et al., 1989) , and the nuclear inclusion a (NIa) protein, which is
Methods
Virus and viral RNA preparation. PRSV HA was propagated in Cucumis metuliferus (Naud.) Mey. plants (Provvidenti & Gonsalves, 1982) . The virus was purified by Cs2SO 4 centrifagation according to the method of Gonsalves & Ishii (1980) , and the RNA was extracted by SDS-proteinase K treatment followed by sucrose density gradient centrifugation as described by Yeh & Gonsalves (1985) .
Analyses of viral proteins. CP, CIP and AIP were purified from PRSV-infected C. metuliferus plants according to the method of Yeh & Gonsalves (1985) . The proteins were electrophoresod twice through a 12.5% polyacrylamide gel and finally eluted using an ISCO electrophoretic concentrator. The purified proteins were dialysed against water, lyophilized and stored at -20 °C. Amino acid sequencing of the N termini of the proteins was performed by Edman degradation on an Applied Biosystems 477A automatic protein sequencer. A large amount of the proteins (50 to 100 ~tg, about 1 to 2 nmol) was analysed to overcome the blocking of the N-terminal amino acid (Robaglia et al., 1989) .
eDNA cloning and immunasereening. The first-strand eDNA to PRSV RNA was synthesized using avian myeloblastosis virus (AMV) reverse transcriptase with an oligo(dT)18 primer or random hexanucleotide primers (Boehriuger Mannheim). The second-strand eDNA was synthesized according to the method of Gubler & Hoffman (1983) . The ds eDNA was repaired using T4 DNA polymerase, methylated and ligated with EeoRI linkers at both ends (Amersham). After digestion with EcoRI, the ds eDNA was ingerted into the EcoRI site of the 2gtl 1 vector, packaged by coat proteins and plated on a bacterial lawn of Escheriehia coli strain Y 1090 (Amersham). Alternatively, a eDNA library was constructed in the ~ ZAP II vector (Stratagene) by a similar procedure. Clones corresponding to the regions of the different cistrons were immunoscreened using antisera to CP (Yeh et al., 1984) , CIP (Yeh & Gonsaives, 1984b) and AlP (Yeh & Gonsalves, 1985) according to the method of Huynh et al. (1985) . The sizes of the inserts were determined by EcoRI digestion of purified recombinant 2 DNA followed by 32p end-labelling and agarose gel electrophoresis.
Subcloning and sequencing. Two ,~gtl I recombinant clones, gtl 1-AI and gtl 1-CI, and a clone from ). ZAP II, ZAP 11-CP, were selected for sequence analysis. These three clones contained approximately 96 ~ of the PRSV genome with the 5' end region missing. The cDNA inserts in the 2 vectors were digested with EcoRI and subcloned in the pBluescript II SK (+) vector (Stratagene). Subclones of different orientations were selected and ordered deletion was performed by exonuclease IIl/mungbean nuclease treatment (Putney et al., 1981; Guo & Wu, 1982; Henikoff, 1984) . DNA sequencing was conducted by the dideoxynucleotide chain termination method (Sanger et al., 1977) , using ssDNA templates generated from the ordered deletion plasmids using the helper phage VCSMI3 (Stratagene).
Direct RNA sequencing and polymerase chain reaction (PCR) amplification. Since the 5' end sequence of PRSV RNA was not obtained from the library constructed in the 2 vectors, it was determined by direct RNA sequencing using reverse transcriptase (Boehringer Mannheim) with the unlabelled synthetic oligonucleotide primers (Youvan & Hearst, 1981) The oligonucleotide primers used in this study were synthesized using an ABI 381A DNA synthesizer at the Genetic Engineering Center, Chung Hsing University, Taiwan. The primers were purified by column chromatography.
To confirm the nucleotide sequence of the 5' end obtained by direct RNA sequencing, primers 5' d(CGGAATTCAAATAAAA-CATCTCAACACAACAT) (EcoRI site plus positions 1 to 24) and 5' d(AACTCCAGAGCTGAGAATACCT) (positions 1044 to 1065, 57 nucleotides downstream of the first EcoRI site from the 5' end) were used to amplify the 5' end region by PCR (Sambrook et al., 1989) . About 2 ~tg of PRSV RNA was used to anneal with the downstream primer, and eDNA was synthesized using AMV reverse transeriptase (Promega) at 42 °C for 60rain. The reverse transcriptase was inactivated by heating the reaction at 95 °C for 5 min. The eDNA was then annealed with the upstream and downstream primers and PCR using Taq polymerase (Promega) was performed with periods of 2 min annealing at 55 °C, 3 min synthesis at 72 °C and 1 min melting at 94 °C for 30 cycles. The amplified eDNA was digested with EcoRI and cloned into a pBluescript II vector. A clone, pHA10, corresponding to the region between the 5' end and the first EcoRI site was selected for sequencing.
Sequence analysis. Nucleotide sequences were merged and analysed using MicroGenie software (Beckman). The protein sequences were also compared with those of other potyviruses using the multiple alignment function of the Compare program of the software.
Results and Discussion
Determination of nucleotide sequence of PRSV HA RNA Three cDNA clones were selected for sequencing. Clone ZAP l l-CP was selected from the oligo(dT)-primed library constructed in the 2 ZAP II vector and contained an insert of 1.2 kb; the encoded protein reacted with anti-CP sera only. Clones gtl 1-CI and gtl 1-AI were from the random-primed library constructed in 2gtll; the former encoded a protein reactive with both anti-CIP and anti-CP sera from an insert of 5.5 kb, and the latter a protein reactive with both anti-AIP and anti-CIP sera from an insert of 4.9 kb. Results of immunoscreening and hybridization using nick-translated EcoRI fragment probes helped align the positions and the relationships of the clones. These three clones represent about 96 % of the PRSV genome.
The strategy employed for the elucidation of the complete nucleotide sequence of PRSV RNA is summarized in Fig. 1 . EcoRI fragments of the three selected 2 clones were subcloned in the pBluescript II SK vector. Sequence data were obtained from both orientations of the subclones using ssDNA templates generated from ordered deletion clones. The overlapping regions of the deleted clones ranged from 50 to 570 nucleotides. Each nucleotide residue was sequenced at least 3.5 times on average. The sequences flanking the EcoRI sites were determined by direct sequencing of the RNA to connect the EcoRI-digested clones in the correct orientation. This was accomplished using primers complementary to the sequences 3' to each EcoRI site, except for those flanking the first EcoRI site at the 3' end, which had been determined previously (Quemada et al., 1990; Wang & Yeh, 1992) . The 402 nucleotide residues at the 5' end of PRSV RNA were not included in the 2 clones. They were determined by direct sequencing of the RNA using three different primers for cDNA extension. The sequence determined from both orientations of the PCR-amplified clone pHA 10, containing the Y-terminal 977 nucleotides, was used to clarify ambiguities remaining after direct RNA sequencing.
Primary structure
The complete nucleotide sequence of PRSV HA RNA is shown in Fig. 2 . The genome contains 10326 nucleotides excluding the Y-terminal poly(A) tail. PRSV HA RNA is longer than those of five other potyviruses: TEV RNA is 9495 nucleotides (Allison etal., 1986) , TVMV RNA 9471 nucleotides (Domier et al., 1986) , PPV RNA 9741 nucleotides (Maiss et al., 1989) , PVY RNA 9704 (Robaglia et al., 1989) and PSbMV RNA 9924 (Johansen et al., 1991) . The base composition of PRSV HA RNA shows a high adenine content (31.2 %), followed by uracil (27-0%), guanine (23.8%) and cytosine (18.0%). This composition is similar to those of the other potyviruses.
Computer analysis of PRSV HA RNA and its complementary strand in all six possible reading frames revealed a long unique ORF encoding a polyprotein of 3344 amino acids with a calculated Mr of 381088 (381K). A 5' non-coding region of 85 bases preceding the ORF
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GAAAGG UAUCCAAGAAAUUCCAGAGAUGGCAGCUACUGAAG CGGCUUUUCUGAGCUUCACGUAUGGCCUGCCUG UUAUGACCCACAAUG UAGGGUUAAGCUUGCUCAAAAACUGCACUG U 5520
CACGAAGAAAGGAAACAAGAAAGGAAAGA UGCAUG GCAUGGGUGUUAAGACGAGAAAG UUUG UUG CG ACAUAUGG AUUUAAACCGGAGG AUUACUCG UACG UG CG GUAC UUGG ACCC UUU 6600
UCC UCCAUUCCAUAGCAGAGCUAGG UUUAGGGCCAUGAAAGCUGG GG ACAAGG UUUGCA UGAUAGGUGUUGAC UACCAAGAGAAUCA UAUCGCGAGCAAAG UAUC UGAAACCUCUAUCAU 7320
CAG UGAGGGCACGGGAGAUUUUGGAUGCCACUGGAUAUCCACGAA UGACGG UGAUUGCGG UAAUCCUUUAG UUAG UG UUUCAGAUGG UUUUAUUG UCGGCUUG CAUAGUUUGUCGACAUC 7440
UAAGAAUAUGGAG UGCCCA UGGACCGUCGGG AUGACAAAAU UU UACAAAGGCUGGGAUGAG UUCCUGAAGAAA UUUCCUGACG~UGGG UG UA~G UGAUGCAGA UGGU ~AG ~A 8400
UGGCUGCGCCACCGCUUCUAUUUUACAGUGAGGGUAGCCCUCCGUGCUUUUAG UAUUAUUCGAGUUCUCUGAG UCUCCAUACAGUGUGGGUGGCCCACG UGAUAUUCGAGCCUCUUAGAA 10320 UGAGAG 10326 have resulted in premature termination of the reverse transcriptase reaction. However, comparison with other potyviruses showed that the extreme 5' terminus of the RNAs shared a similar structure. A consensus sequence AAAUAAAANANCUCAACACAACAUA can be deduced, showing 80~ similarity in six potyviruses (Fig. 3) . This highly conserved sequence suggests that this region may play a common and important role for potyviruses, such as the binding of VPg, the assembly initiation site of the particles, or the polymerase recognition signal for RNA replication.
The ORF for the polyprotein ends at positions 10118 to 10120 with a UAA termination codon. The 3' end noncoding region contains 209 nucleotides with a poly(A) tail. This 3' end region of 2561 nucleotides and a comparison with those of its mild mutant HA 5-1 and a non-papaya-infecting strain (Quemada et al., 1990) , have been reported (Wang & Yeh, 1992) .
Assignment of polyprotein cleavage sites
By using an excess amount of AIP we were able to determine its N-terminaI amino acid sequence as NDVAEKF, identical to the sequence at positions 548 to 554 of the polyprotein. TVMV AIP is considered to be the aphid transmission factor (HC) owing to its molecular size and close serological relationship (De Mejia et al., 1985b) . The HC protein of TEV also functions as a proteinase that autocatalytically cleaves between a Gly-Gly dipeptide located at its C terminus (Carrington et al., 1989) . Accordingly, the cleavage site for the C terminus of AIP was identified as MKHYIVG/ GEFDP (positions 1004 to 1005; Fig. 2 ), similar to the sequence (MKTYNVG/GMNRD) of the TEV HC-Pro protein (Carrington et al., 1989) . This cleavage generates a PRSV AIP with a calculated Mr of 52K.
Localization of the N terminus of PRSV AlP identified a 63K protein. Previous in vitro translation studies on PRSV HA have indicated that a precursor protein of 110K to 114K from the N-terminal portion of the polyprotein generates a protein of 60K to 64K as well as the AIP of 51K (De Mejia et al., 1985b; Yeh & Gonsalves, 1985; Quiot-Douine et al., 1986; Yeh & Bib, 1989) . Our results are consistent with the genetic map derived from these studies. Mavankal & Rhoads (1991) . Those of other potyviruses are tentatively assigned according to sequence similarity and their distance from the conserved motif FI(V)VRG. Verchot et al. (1991) have reported that the TEV NT protein (35K) functions as a third proteinase cleaving autocatalytically at its C terminus. The cleavage site for liberating the TVMV NT and HC-Pro proteins has recently been located between Phe 256 and Ser 257 of the polyprotein, 24 amino acids downstream from the consensus sequence FIVRG (Mavankal et al., 1991) . It is interesting to note that the cleavage site for liberating the NT protein and the AIP of PRSV is also located 24 amino acids downstream from the FI(V)VRG motiL From the alignment summarized in Fig. 4 , it is concluded that the cleavage sites for liberating the NT and HC proteins of other potyviruses may also be located at the same positions as those of TVMV and PRSV, because the structurally similar amino acids Phe and Tyr, 24 amino acids away from the conserved FI(V)VRG motif, are found conserved in the P1 position of the cleavage site.
The amino acid sequence of the N-terminal region of CIP was determined to be SLDDIRDFY, which allowed us to map the N terminus to position 1402 (Fig. 2) predicted cleavage sites in the C-terminal halves of the potyviral polyproteins revealed that the 49K NIa protein cleaves at Q/A, Q/G, Q/S, Q/T, Q/V or Q/E dipeptide sequences, and valine was found in most potyviruses at position P4 of the cleavage sites (Dougherty & Carrington, 1988; Ghabrial eta/., 1990 , Dinant et al., 1991 Johansen et al., 1991) . Based on these rules, five putative cleavage sites recognized by the NIa protein were identified in the PRSV polyprotein (Table 1) . The sequence V(Y or F)(H or E)(Q or E)/(S or G) is considered to be a consensus cleavage sequence recognized by the NIa protein of PRSV. These cleavages generate a 72K CIP, a 6K protein, a 48K NIa protein, a 59K NIb protein and a 35K CP (Fig. 2) . In this investigation, we were not able to determine the N terminus of the PRSV CP because the results of chemical sequencing were erratic. The cleavage site at the N terminus of the CP has previously been predicted to be VFHQ/SKNE (positions 3054 to 3061) (Quemada et al., 1990 ) producing a protein of 33K, smaller than the Mr of 36K estimated from the authentic CP (Purcifull & Hiebert, 1979; Gonsalves & Ishii, 1980) , and an NIb protein containing 537 amino acids, about 20 amino acids longer than those of other potyviruses (512 to 521 amino acids). However, based on the alignment of the NIb protein of PRSV with those of the other potyviruses, 
we found that the cleavage site is more likely to be located at VYHE/SRGTD (positions 3034 to 3042).
There are several pieces of evidence to support this new location. First, the sequence VYH is similar to that of the other cleavage sites recognized by the NIa proteinase of PRSV (Table 1) . Second, cleavage at E/S is not exceptional ; Johansen et al. (1991) reported that the putative cleavage site between the 6K and 49K NIa proteins of PSbMV contains glutamic acid instead of glutamine at position PI. Third, this cleavage site generates a protein of 35K, closer to the estimated Mr of 36K for the native CP (Purcifull & Hiebert, 1979; Gonsalves & Ishii, 1980) , and a NIb protein with 517 amino acids, in agreement with the size of those of the other potyviruses (512 to 521 amino acids). The original prediction of VFHQ/SKNE (Quemada et al., 1990 ) also fits the consensus cleavage sequence (Table 1) and may also be cleaved by the PRSV NIa proteinase. If both sites are used, the N terminus of the CP would be heterogeneous. This may explain why the purified CP of PRSV, either prepared freshly from purified virus or after storage at 4 °C, is frequently associated with some degraded forms of CP 2K to 5K smaller than the major 36K protein (Purcifull & Hiebert, 1979; Gonsalves & Ishii, 1980) . Blocking and the heterogeneity of the CP may account for the difficulty in N-terminal sequencing. The presence of a potential internal cleavage site in the 49K NIa protein, resulting in the delimitation of the VPg and proteinase domains, was proposed by Johansen et al. (1991) and recently confirmed by a study of the posttranslational processing of the TEV 49K NIa protein (Dougherty & Parks, 1991) . This cleavage site can be identified at positions 2282 to 2283 (VHHE/GKSL) of the PRSV polyprotein. Thus, the NIa protein of PRSV may be further processed into 21K and 27K proteins.
A tentative map of the PRSV polyprotein is presented in Fig. 5 . The actual and proposed locations of the cleavage sites predict eight or nine proteins with calculated Mrs of 63K, 52K, 46K, 72K, 6K, 48K (or 21K and 27K), 59K and 35K. The genetic organization is similar to that of other potyviruses, except that the 5' NT protein is 18K to 34K larger. This variation may be a criterion by which potyviruses can be distinguished.
Comparison of PRSV proteins with other potyvirus proteins
The identity of the PRSV proteins with those of the other potyviruses is listed in Table 2 . The N termini of the HC proteins ofTEV, PVY, PPV and PSbMV were assigned tentatively according to the results of this investigation and a study of TVMV (Mavankal & Rhoads, 1991) . The C termini of the HC proteins were determined according to the results of Carrington et al. (1989) . It appears that PRSV is distinct from TEV, TVMV, PVY, PPV and PSbMV because the identity between each protein of PRSV and those of other potyviruses is less than 60.9%.
The NT protein generated from the N terminus of the potyviral polyproteins shows a wide variation in Mr, from 29K to 63K, and represents the most variable potyviral protein. The 63K NT protein of PRSV shares limited identity (less than 20%) with those of other potyviruses, which are much smaller and have an Mr range of 29K to 45K. Although the size of the 63K protein is very different from that of the other NT proteins, the C terminus of the protein does have a structure similar to those of the NT proteins of other potyviruses (Fig. 4) . Substitutions of amino acids His 214, Ser 256 or Phe-Ile-Val-Arg-Gly 276 to 280 of the TEV 35K protein affect the function of the NT proteinase. In addition, it has been suggested that the 35K NT protein of TEV catalyses peptide bond cleavage by a mechanism similar to that of serine-type proteinases, and Asp 223 and Gly-Ser-Ser 256-Gly may also be essential to the active site (Verchot et al., 1991) . These amino acids are also present in the C-terminal portion of the 63K protein of PRSV (His 456, Asp 465, Gly-SerSer 499-Gly, Phe 519-Val-Val-Arg-Gly 523) and all other potyviruses compared, as shown in Fig. 4 . Therefore, it appears that the C-terminal region of the 63K protein Domier et al. (1987) have reported that the sequence of the 109 residues near the C-terminus of the TVMV 28K protein shows moderate similarity with the movement proteins of the tobamoviruses and tobraviruses, this similarity has not been found with the other potyviral NT proteins (Johansen et aL, 1991) , nor with the 63K protein of PRSV. The N-terminal portion of the 63K protein does not share a significant resemblance to the N-terminal portions of the NT proteins of other potyviruses. Whether this part of the protein contains domains essential for particular functions remains to be determined.
PRSV AIP showed 45.1 to 51-8~ identity with HC proteins of other potyviruses. The cysteine cluster Cys-X8-Cys-X13-Cys-X4-Cys-X2-Cys in the HC protein of potyviruses is considered to be similar to the zinc fingers of several nucleic acid-binding proteins (Robaglia et al., 1989) . This consensus sequence for metal-binding sites is found in PRSV AIP from polyprotein positions 573 to 604 (Fig. 2) . The HC protein is responsible for the aphid transmissibility of potyviruses and also functions as a cysteine-type protease that autocatalytically cleaves its C terminus (Carrington et al., 1989) . The amino acids GlyTyr-Cys-Tyr surrounding Cys 649, and His 722 of TEV HC-Pro are essential for the active sites of the proteinase (Oh & Carrington, 1989) . This sequence is also present in the PRSV AIP protein at polyprotein positions 888 to 891 and 963 (Fig. 2) . Thus, we conclude that the 52K AIP is similar to the bifunctional HC-Pro proteins of other potyviruses.
The 46K protein lying between AIP and CIP in the polyprotein shows 25.7 to 33-0~ identity with those of other potyviruses. The corresponding TEV protein has been found to share amino acid sequence similarity with the 2A protease of picornaviruses (Domier et al., 1987) and is predicted to be similar to poliovirus P2A (Dougherty & Carrington, 1988) . However, the consensus amino acid sequence PGDCGGXLXCXHG of the 2A protein was not found in the PRSV 46K protein.
Since three proteinases have been all found to recognize the cleavage sites of the potyviral polyprotein (Cartington & Dougherty 1987 a; Carrington et al., 1989; Verchot et al., 1991) , the function of this protein remains unclear.
PRSV CIP shows 50.1 to 59.0 ~o sequence identity with the CIPs of the other potyviruses ( Table 2 ). The nucleotide-binding motif GAVGSGKST, which has been identified in CIPs of TEV and TVMV (Gorbalenya et al., 1989) , is also present in the CIP of PRSV, at polyprotein positions 1486 to 1494 (Fig. 2) . This motif is also present in the CIPs of PPV, PVY and PSbMV (Robaglia et al., 1989; Johansen et al., 1991) . The potyvirus CIP has been demonstrated to have RNA unwinding (helicase) (Lain et al., 1990) and ATPase activity (Lain et al., 1991) . It may be involved in virus replication as a membrane-bound protein.
The 6K protein of PRSV shares 31.6 to 35-1% identity with the 6K proteins of the other potyviruses (Table 2) . TEV has been reported to have a 6K VPg associated with its RNA (Hari, 1981) , and the 6K protein was originally considered to be the VPg protein of TEV and PVY (Allison et al., 1986; Robaglia et al., 1989) . However, the RNAs of TVMV and PPV are thought to be linked to VPgs of 24K (Siaw et al., 1985) and 22K (Riechmann et al., 1989) , respectively. Recent studies indicate that the TEV VPg is the 24K N-terminal half of the 49K NIa proteinase (Murphy et al., 1990; Dougherty & Parks, 1991) . Thus, more studies are needed to elucidate the role of the 6K protein.
The potyvirus NIa protein functions as a proteinase responsible for cis and trans proteolytic activities for the five cleavages in the C-terminal portion of the polyprotein (Carrington & Dougherty, 1987a, b; Dougherty et al., 1989a) . Recently, the N-terminal 24K portion of the NIa protein has been reported to be viral VPg (Murphy et al., 1990) . The internal cleavage site delimiting the VPg and proteinase domains was proposed by Johansen et al. (1991) and confirmed by Dougherty & Parks (1991) . This cleavage site is also found in the NIa protein of PRSV at positions 2282 to 2283 (VHHE/GKS). Thus, PRSV NIa can also be divided into two domains, NIaVPg and NIa-Pro. The former shows 45.3 to 54.4% identity and the latter 39-4 to 46-9~ identity with the corresponding domains of other potyviruses ( Table 2 ). The catalytic triad of NIa protease, His, Asp and Cys (Dougherty et al., 1989b) , is conserved in all the potyviruses compared, including PRSV (polyprotein positions 2327, 2362 and 2431; Fig. 2) .
The PRSV NIb protein shows 58.4 to 60.9% identity with those of other potyviruses ( Table 2 ). The relatively high degree of identity indicates that this protein is the most conserved potyvirus protein. The consensus motifs YCDADGS, GNNSGQPSTVVDNT(S)LMV and NGDDL-X34-K, responsible for the putative RNA polymerase function of potyviruses (Allison et al., 1986; Domier et al., 1987; Poch et al., 1989) , are also present in PRSV (polyprotein positions 2763 to 2769, 2826 to 2842 and 2869 to 2908; Fig. 2) .
The amino acid sequence of PRSV CP has been predicted for three strains (Quemada et al., 1990) . In this investigation we suggest an alternative cleavage site at VYHE/SRGT as the N terminus of the CP. PRSV CP shares 53.2 to 56.6% identity with those of other potyviruses. This indicates that PRSV is distinct from the other potyviruses compared according to the classification based on potyvirus CPs (Shukla & Ward, 1989) .
